ABSTRACT: Spanish mackerel, Scomberomorus maculatus, were collected during 1977·80 in the Gulf of Mexico and from North Carolina to south Florida during 1980·81 to describe their reproductive biology. The major spawning period extended from May to September in all areas and peaked during the spring and early summer. Most fish were mature at about 350 mm FL, but size at maturity varied between sexes and sampling areas. Males matured at a smaller size than females. Fecundity was estimated from 52 fish from all areas and ranged from about 100,000 eggs for a 328 mm (295 g) fish to 2,113,000 eggs for a 626 mm (2,415 g) fish. Fork length and total weight were equally good predictors of fecundity.
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Spanish mackerel, Scomberomorus maculatus, occur along the Atlantic coast of the United States and the Gulf of Mexico (Collette et al., 1978) where they support important commercial and recreational fisheries (Trent and Anthony, 1979) . Commercial landings of Spanish mackerel during 1983 were 3,532 t while the recreational catch for 1980 was estimated at 2,579 t from the south Atlantic and Gulf of Mexico (J.E. Powers, National Marine Fisheries Service, Southeast Fisheries Center, Miami, Florida, pers. commun.) .
Early biological observations on the Spanish mackerel were made by Ryder (1882) and Earll (1883) in Chesapeake Bay and by Hildebrand and Cable (1938) along the south Atlantic coast. Reports on reproduction and other aspects of their biology were made for waters off Florida (Klima, 1959; Powell, 1975) and off Veracruz, Mexico (Medoza, 1968) . A 97 summary of biological and fisheries data on Spanish mackerel was compiled by Berrien and Finan (1977) , and an annotated bibliography was completed by Manooch eta/., (1978) .
The purpose of this study was to expand our knowledge of Spanish mackerel reproduction by determining spawning season, size-at-maturity, and fecundity from the southeastern United States. The second method involved the use of a gonadosomatic index (GSI) according to the formula: gonad weight/whole body weight x 100. The GSis gave a seasonal maturation pattern from which the range, mean, and 95% confidence interval of the mean were computed. These two techniques were the only ones used for males. The third method determined the developmental stages of eggs by microscopic examination. For this method, a wedge-shaped section containing eggs from the outer, middle, and inner zones of the ovary was removed from the mid· point of one randomly selected ovarian lobe. These sections were teased apart to separate the eggs. Measurements and descriptions of eggs and gonad stages were similar to those given for cero by Finucane and Collins (1984) . Classification as mature or immature was made on the basis of the presence or absence of vitellogenic eggs greater than 0.2 mm.
METHODS
Length at maturity was determined by grouping all Stage II-IV fish by 25-mm-FL intervals from April through September for each area and sex. Percentages were then computed for fish with mature gonads for each size interval.
Estimates of fecundity were made from late maturing or ripe (Stages Ill or IV) fish and were based on counts of all yolked eggs 0.2 mm or greater in diameter according to Hunter and Goldberg (1980) and Morse (1980) . We assumed that these eggs would be released some time during the spawning season. The techniques used for our fecundity estimates were described by Finucane and Collins (1984) . Fecundity was estimated for each fish using the formula: F = A/B x C, where F = fecundity of fish, A = weight of both ovaries, B = weight of sections, and C = total number of eggs in the sections. RegresReproduction of Spanish mackerel 99 sions were computed for fecundity based on fork length and weight.
RESULTS
The spawning patterns for Spanish mackerel as determined by monthly mean GSis were similar for northwest Florida, the Mississippi Delta, and Georgia-Carolina (Figs. 2-4). In these areas, spawning peaked in the spring (May) and gradually diminished during summer and fall. Males and females followed the same general pattern. In contrast, spawning off southeast Florida started earlier in the spring (April) and did not reach a peak until June for females (Fig. 5) . Spanish mackerel were not available from the Mississippi Delta, northwest Florida or Georgia-Carolina during the winter months.
Plotting percentages of gonad developmental stages for each area yielded results that agree with the spawning cycles determined from GSis (Figs. 2·5). Ripe Spanish mackerel first appeared in the spring (April or May) from the areas in the Gulf of Mexico and off Georgia-Carolinas. Gonads were usually in a resting stage between late fall and early spring. Ripe female Spanish mackerel from southeast Florida were detected in the spring and summer and ripe males were present throughout the year except for the fall (Fig. 5) .
Size at maturity varied between areas and by sex (Table 1) . Females from the Mississippi Delta first matured at 300·324 mm and males first matured at 250-274 mm. In northwest Florida, males matured at 275-299 mm and females at 250-274 mm. Most males larger than 300 mm were mature from the Mississipi Delta, while all males larger than 350 mm were mature from northwest Florida. Males from Georgia-Carolinas were first mature at 275-299. mm, and all males were mature by 400 mm. F~males from the same area were also fir~t mature at 275-299 mm, and all were mature at 425 mm. Most males from southeast Florida were mature at 325-349 mm, and all were mature at 375 mm or larger. Females first matured at 325-349 mm, and all females were mature at 375 mm. All males >350 mm and all females >500 mm were mature from the Gulf of Mexico as compared to >400 mm for males and >425 mm for females from the Atlantic coast. Fecundity was estimated for 52 females ranging from 312 to 664-mm FL (Table 2) . Fecundity generally increased with fish size. The lowest estimate was 100,000 eggs for a 328-mm FL (295 g) female, while the highest was 2,113,000 eggs for a 626-mm FL (2,415 g) female; both fish were from northwest Florida. Females less than 400-mm FL from the Mississippi Delta appeared to produce more eggs than similar-sized females in the other three areas, while females over 500-mm FL from northwest Florida produced more eggs than similar-sized Regressions fitted by least squares were calculated for each area to show the relationship of fecundity to fork length and total weight. The curvilinear regression Y = axb gave the strongest correlation for fish from all areas. Length and weight were both highly correlated to fecundity (Table 3) . Regression coefficients showing the relationships of fecundity with length and weight were significantly different (P = 0.01) when compared between areas.
DISCUSSION
Spanish mackerel usually spawned from May through September in all our sampling areas and spawning peaked in the spring and summer. A few fish probably spawned in April or October. Gonad maturation data from southeast Florida suggests that some fish may spawn throughout most of the year. Our findings generally agree with those of previous authors. Hildebrand and Klima ( 1959) showed that spawning occurred from July through September off south Florida while Powell (1975) noted spawning from April through September. Wollam (1970) and Dwinell and Futch (1973) collected larvae off the west coast of Florida and Alabama from June through September.
McEachran et at., (1980) captured larvae from May through late September to early October with a peak in September off the Texas coast but we found no late fall spawning peak. We were unable to identify major spawning areas of Spanish mackerel due to the scarcity of ripe fish. Other authors have made references to spawning areas based on the distribution and relative abundance of small larvae less than 3.0 mm SL (Dwinell and Futch, 1973; Houde et at., 1979; McEachran et at., 1980) . These studies suggest that the coastal waters off Texas, Alabama, northwest Florida and in the eastern Gulf of Mexico may be important spawning areas for Spanish mackerel. Sampling of spawning stocks and tagging studies are needed to supply additional data on spawning areas and populations in the Gulf of Mexico and other areas. Little information is available on the size of Spanish mackerel at maturity. Klima (1959) found in his study of south Florida fish that the smallest mature female was 25 em FL and the largest immature female was 32 em FL. His smallest mature male was 28 em FL and the largest immature male was 34 em FL. He also indicated that 100% of both sexes were mature at 35 em FL. Spanish mackerel from Mexican waters were mature at a total length of 35 em (Medoza, 1968) . Our data suggest that most fish were mature at about 350 mm, but size at maturity varied between sampling areas. Males probably mature at a smaller size than females.
The only previous published fecundity data from U.S. waters was reported by Earll (1883) from three fish. He recorded 525,000 eggs from a fish that weighed one pound 13 ounces (883 g) and had a length of 18.5 inches (470 mm). He also estimated that a six pound fish (2.7 kg) had 1,500,000 eggs. These data agree with our estimated fecundities from northwest Florida where a fish of 468 mm FL and 926 g had about 561,000 eggs while a 2,496 g fish had about 1,638,000 eggs. Our egg counts vary for some fish of similar length and weight.
